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ABSTRACT 



There is provided an antenna impedance adjuster including 
(a) an antenna through which radio signals are received and 
transmitted, (b) a radio signal receiver which receives radio 
signals having been received through the antenna, (c) a radio 
signal transmitter which transmits radio signals through the 
antenna, (d) an adjuster which matches an impedance 
between the antenna and the radio signal receiver in radio 
signal receiving band and an impedance between the 
antenna and the radio signal transmitter in radio signal 
transmitting band, (e) a first switch which electrically con- 
nects the adjuster to one of the radio signal receiver and the 
radio signal transmitter, and (f) a controller which controls 
an operation of the first switch when a radio signal is 
received or transmitted. The antenna impedance adjuster 
reduces transmission loss to be generated between an 
antenna and internal circuits to thereby enhance output-load 
characteristic in a radio signal transmitting circuit, and 
prevents degradation of sensitivity in a radio signal receiv- 
ing circuit. 

15 Claims, 13 Drawing Sheets 
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Figure 6A 
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ANTENNA IMPEDANCE ADJUSTER 

BACKGROUND OF THE INVENTION 

1. Field of the lovention 

The invention relates to an antenna impedance adjuster 
suitable for a portable radio-signal transceiver which trans- 
mits and receives radio signals in time division multiple 
access (TDM A) system. 

2. Descriptuion of the Related Art 

A portable radio-signal transceiver is presently designed 
to have a radio signal transmitting band and a radio signal 
receiving band for making communication through radio 
signals. In general, a radio signal transmitting band is 
designed to have a frequency band remote from the same of 
a radio signal receiving band. 

A whip antenna usually has a relatively high impedance. 
The impedance is different from a characteristic impedance 
of radicf-signal receiving and transmitting circuits, and 
hence, it is necessary to match impedance between the whip 
antenna and the radio-signal receiving and transmitting 
circuits in order to minimize transmission loss therebetween. 

FIG. 1 illustrates a conventional portable radio-signal 
transceiver. As illustrated in FIG. 1, the portable radio-signal 
transceiver 1 is comprised of a whip antenna 2, a matching 
circuit 4 electrically connected to the whip antenna 2, a radio 
signal transmitting circuit 8, a radio signal receiving circuit 
9, a switch 7 for electrically connecting the matching circuit 
4 to one of the radio signal transmitting and receiving 
circuits 8 and 9, and a control circuit for controlling opera- 
tion of the switch 7, the radio signal transmitting circuit 8, 
and the radio signal receiving circuit 9. 

The portable radio-signal transceiver 1 operates as fol- 
lows. 

When a radio signal is to be transmitted, the control 
circuit 10 transmits a control signal S2 to the radio signal 
transmitting circuit 8 to thereby operate the radio signal 
transmitting circuit 8, and at the same time, transmits a 
control signal SI to the switch 7 to thereby cause the switch 
7 to electrically connect the matching circuit 4 to the radio 
signal transmitting circuit 8 therethrough. Thus, the radio 
signal transmitting circuit 8 transmits a radio signal through 
the matching circuit 4 and the whip antenna 2. 

When a radio signal is to be received, the control circuit 
10 transmits a control signal S3 to the radio signal receiving 
circuit 9 to thereby operate the radio signal receiving circuit 
9, and at the same time, transmits a control signal SI to the 
switch 7 to thereby cause the switch 7 to electrically connect 
the matching circuit 4 to the radio signal receiving circuit 9 
therethrough. Thus, the radio signal receiving circuit 9 
receives a radio signal through the matching circuit 4 and the 
whip antenna 2. 

In the conventional portable radio-signal transceiver illus- 
trated in FIG; 1, since the switch 7 is switched between the 
radio signal transmitting and receiving circuits 8 and 9 in 
accordance with the control signal SI transmitted from the 
control circuit 10 for making radio signal communication 
through the matching circuit 4, the matching circuit 4 has to 
match impedance both in a radio signal transmitting band 
and a radio signal receiving band. 

However, when the matching circuit 4 matches the 
antenna 2 to the radio signal transmitting and receiving 
circuits 8 and 9, it becomes more difficult to match all 
transmitting and receiving bands to characteristic impedance 
of the radio signal transmitting and receiving circuits 8 and 
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9 due to fluctuation in frequency characteristics of the 
antenna 2 and the matching circmt 4, as the radio signal 
transmitting and receiving bands become wider. As a result, 
the portable radio signal transceiver has to operate with 

5 transmission loss being generated to some degree. 

In addition, the conventional portable radio signal trans- 
ceiver is accompanied further with problems that an output 
transmitted from the radio signal transmitting circuit 8 varies 
due to an input impedance in a radio signal transmitting band 
of the antenna 2, and that a noise figure (NE^ is deteriorated 
due to mismatching with an input impedance of the radio 
signal receiving circuit 9, resulting in degradation in sensi- 
tivity for receiving radio signals. 

Japanese Unexamined Patent Publication No. 6-244756 
has suggested an apparatus for matching antenna imped- 

^ ance. The suggested apparatus a first impedance matching 
circuit used when radio signals are to be transmitted, a 
second impedance matching circuit used when radio signals 
are to be received, a switch which electrically connects an 
antenna to one of the first and second impedance matching 

20 circuits, and a controller which receives liming signals of 
TDMA type to thereby control the switch. 

Japanese Unexamined Patent Pubhcation No. 8-274679 
has suggested a portable telephone comprising an antenna, 
a matching circuit which is designed to switch matching 

25 characteristics, and a control circuit which transmits a con- 
trol signal for switching matching characteristics of . the 
matching circuit between radio signal transmission and radio 
signal receipt. 

Japanese Unexamined Patent Publication No. 9-331206 

30 has suggested an antenna matching circuit suitable for 
TDMA type portable telephone. In operation, a radio signal 
receiver receives radio signals from an antenna, and a radio 
signal transmitter transmits radio signals through the 
antenna. Radio signals to be transmitted have a frequency 

35 different from a frequency of radio signals to be received. A 
first antenna matching circuit matches impedance in the 
antenna at a frequency of received signals, and a second 
antenna matching circuit does the same at a frequency of 
transmitted signals. A controller electrically connects the 
first antenna matching circuit and the radio signal receiver to 

^ the antenna while a radio signal is being received, and 
electrically connects the second antenna matching circuit 
and the radio signal transmitter to the antenna while a radio 
signal is being transmitted. 

Japanese Unexamined Patent Publication No. 6-244756 

45 has suggested an antenna-impedance matching circuit com- 
prising first means for matching impedance, which is elec- 
trically connected to an antenna, and has a switch for 
switching impedance between radio signal transmission and 
radio signal receiving to thereby match impedance to an 

50 antenna, and a controller which receives timing signals each 
indicating a timing at which radio signals are to be trans- 
mitted and received, to thereby control an operation of the 
switch so that impedance of the first means is matched to the 
antenna. 

Japanese Unexamined Patent Publication No. 8-274679 
has suggested a portable cellular phone making communi- 
cation in lime division multiple access (TDMA), comprising 
an antenna through which a radio signal is to be transmitted 
and received, a variable matching circuit which varies 
matching characteristics, and a control circuit which trans- 
mits a control signal by which matching characteristics of 
the matching circuit is switched between radio signal trans- 
mission and radio signal receipt. 

65 SUMMARY OF THE INVENTION 

In view of the above-mentioned problems in the conven- 
tional portable radio-signal transceiver, it is an object of the 
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present invention to provide an antenna impedance adjuster is comprised of a switching device which turns the second 

which is capable of reducing transmission loss between an inductance off when a radio signal is to be received, and 

antenna and internal circuits to thereby enhance output-load turns the second inductance on when a radio signal is to be 

characteristic of a radio signal transmilling circuit, and transmitted. 

preventing degradation in sensitivity of a radio signal receiv- 5 For instance, the first adjuster may be comprised of (dll) 

ing circuit. ^ first inductance electrically connected in scries to the 

There is* provided an antenna impedance adjuster includ- through one end thereof, and electncaUy connect^ 

ing (a) an antenna through which radio signals arc received ^V"''*" "^w^ 'n^ i "f '".k * ^ i 

and transmitted, (b) a radio signal receiv^ which receives inductance ^If^^^^^y f^^^^^^ 

. ,u * u ' A ,u u *u * /\in of the ursl mductance al one end thereof, and grounded at the 

radio signals havmg been received through the antenna, (c) lO ^^^^^ ^ ^^^^^ ^ ^ comprised of a third 

a radio signal transmitter which transmits radio signals inductance electrically connected at one end thereof to a 

through the antenna, (d) an adjuster which matches an point at which the first inductance is comiecled to the second 

impedance between the antenna and the radio signal receiver inductance, and grounded at the other end thereof, and the 

in radio signal receiving band and an impedance between the second switch is comprised of a switching device which 

antenna and the radio signal transmitter in radio signal is ^^^^^ inductance off when a radio signal is to be 

transmitting band, (e) a first switch which electrically con- received, and turns the third inductance on when a radio 

nects the adjuster to one of the radio signal receiver and the signal is to be transmitted. 

radio signal transmitter, and (f) a controller which controls por instance, the first adjuster may be comprised of (dll) 

an operation of the first switch when a radio signal is g inductance electrically connected in series to the 

received or transmitted. 20 antenna through one end thereof, and electrically connected 

It is preferable that the adjuster is designed to have a to the second switch through the other end thereof, (dl2) a 

variable circuit structure, and the controller varies a circuit second inductance electrically connected to the other end of 

structure of the adjuster when a radio signal is to be received the first inductance at one end thereof, and electrically 

or transmitted. connected to a later mentioned third inductance at the other 

For instance, the adjuster may be designed to include (dl) end thereof, and (dl3) a third inductance electrically con- 

a first adjuster which matches an impedance between the nected to the second inductance at one end thereof, and 

antenna and the radio signal receiver in radio signal receiv- grounded at the other end thereof, the second switch is 

ing band, (d2) a second adjuster which matches an imped- comprised of a switching device which short-circuits the 

ance between the antenna and the radio signal transmitter in third inductance to a groxmd when a radio signal is to be 

radio signal transmitting band, when electrically connected '^^ transmitted. 

to the first adjuster, and (d3) a second switch which discon- The second switch may be comprised of a GaAs semi- 

nects the second adjuster from the first adjuster when a radio conductor element switch. 

signal is to be received, and electrically connects the second The advantages obtained by the aforementioned present 

adjuster to the first adjuster when a radio signal is to be invention will be described hercinbelow. 

transmitted. lu accordance with the present invention, the controller 

It is preferable that the controller transmits a control switches the first switch when a radio signal is to be 

signal to the second switch, and the second switch makes its transmitted or received. The controller electrically connects 

operation in accordance with the control signal. the radio signal receiver to the adjuster when a radio signal 

For instance, the first adjuster may be comprised of (dll) 40 is to be received, to thereby vary a circuit stmcmre of the 
an inductance electrically connected in series to the antenna adjuster, and thus, match impedance between the antenna 
through one end thereof, and electrically connected to the and the radio signal receiver in radio signal receiving band, 
second switch through the other end thereof, and (d 12) a first The controller electrically connects the radio signal trans- 
capacitor electrically connected to the other end of the mitter to the adjuster when a radio signal is to be transmitted, 
inductance at one end thereof, and grounded at the other end 45 to thereby match impedance between the antenna and the 
thereof, the second adjuster is comprised of a second capaci- radio signal transmitter in radio signal transmitting band, 
tor electrically connected at one end thereof to a point at Thus, the present invention makes it possible to change 
which the first capacitor is connected to the inductance, and impedance matching between when a radio signal is to be 
grounded at the other end thereof, and the second switch is transmitted and when a radio signal is to be received. As a 
comprised of a switching device which turns the second 50 result, impedance matching in a portable radio signal trans- 
capacitor off when a radio signal is to be received, and turns ceiver can be optimized, which ensures improvement in both 
the second capacitor on when a radio signal is to be transmission loss and antenna characteristic, 
transmitted. That is, since the present invention makes it possible to 

It is preferable that the antenna impedance adjuster further carry out impedance matching separately in a radio signal 

includes an on-off controller for controlling the switching 55 transmitting band and in a radio signal receiving band, 

device to turn on or off in accordance with a control signal transmission loss between an antenna and internal circuits 

transmitted from the controller. can be reduced, thereby enhancing performances of a por- 

As an alternative, the first adjuster may be comprised of table radio signal transceiver, 

(dll) a first inductance electrically connected in series to the In addition, since impedance matching between input 

antenna through one end thereof, and electrically connected 60 impedance of an antenna and characteristic impedance of 

to the second switch through the other end thereof, and (dl2) circuits can be optimized, it would be possible to improve 

a first capacitor electrically connected to the other end of the output-load characteristic in a radio signal transmitting 

inductance at one end thereof, and grounded at the other end circuit, and also possible to prevent degradation in a noise 

thereof, the second adjuster is comprised of a second indue- figure (NP) of a radio signal receiving circuit. As a result, it 

tance electrically connected at one end thereof to a point at 65 is also possible to prevent degradation in sensitivity in a 

which the first capacitor is connected to the first inductance, radio signal receiving circuit, ensuring stability in perfor- 

and grounded at the other end thereof, and the second switch mances of a portable radio signal transceiver. 
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The above and other objects and advantageous features of electrically connects the second matching circuit 6 to the 

the present invention will be made apparent firam the fol- first matching circuit 4 or disconnects the second matching 

lowing description made with reference to the accompany- circuit 6 from the first matching circuit 4. 

ing drawings, in which like reference characters designate The whip antenna 2 is electrically connected to the first 

the same or similar parts throughout the drawing?. 5 matching circuit 4, and is electrically connected further to 

BRIEF DESCRIPnON OF THE DRAWINGS ^^Z^^ £^11^^" ^^'^^ ' 

FIG. 1 is a block diagram of a conventional portable radio When a radio signal is to be transmitted, the second 

signal transceiver. matching circuit 6 is electrically connected to the first 

FIG, 2 is a block diagram of a portable radio signal matching circuit 4 through the second switch 5. Thus, the 

transceiver including an antenna impedance adjuster in adjuster 3 acts as a matching circuit for transmitting radio 

accordance with the present invention. signals. When a radio signal is to be transmitted, the whip 

FIG. 3 is a timing chart showing an operation for trans- antenna 2 is electrically connected to the radio signal 

mitting and receiving signals in TDMA system. transmitting circuit 8 through the adjuster 3 and the first 

FIG. 4 is a block diagram of an antenna impedance ^ switch 7. 

adjuster in accordance with the first embodiment of the The control circuit 10 transmits control signals SI, S2. S3 

present invention switch 7, the radio signal transmitting 

FIG. 5 is an equivalent circuit diagram of the antenna ^i''="" «' ^f^' receiving circuit 9 and the second 
impedance adjuster illustrated in FIG. 4 when the second S, lespect.vely, when a radio signal |s to be trans- 
switch electrically connects the second adjuster to the fiist °' '° "P^^^""" °[ 
adjuster Hereinbelow is explained time division multiple access 

figs'. 6A and 6B show input impedance of an antenna ^io^st^nTtra^SlI •^""''le 

when the second switch electrically connects the second , . „^ ,* , . . , /. 

adjuster to the fiist adjuster. 25 . ^^'^'^^^^f^ '°^^-^^^^yf^''°] °f « 

_ . • 1 . • •. J- c .u . signal receiving slot (RX) and a signal transmitting slot 

FIG. 7 IS an equivalent c^cuit diagram of the antenna ^ 3^ ^ \, ^^^^ ^ ,„^,it„,^d „f 

impedance adjuster illustrated in FIG. 4 when the second ^ ^ ^ transmitting channel 

switch ele«ncally disconnects the second adjuster from the ^ constituted three slots. #0. #1 and #2. Ac^rdingly. 

^ ^ three users can use the same channel. For instance, a 

FIGS. 8A and 8B show input impedance of an antenna 30 portable radio signal transceiver using the slot #0 uses a 

when the second switch electrically disconnects the second ^^^io signal receiving (RX) slot, an idle slot, and a radio 

adjuster fi-om the first adjuster. gig^^l transmitting (TX) slot, as illustrated in FIG. 3, 

HG. 9 is a block diagram of an antenna impedance ^Vhen a radio signal is to be received, the radio signal 

adjuster in accordance with the second embodiment of the receiving circuit 9 receives the control signal S3 fi-om the 

present invention. control circuit 10 to thereby be turned on at a timing of the 

FIG. 10 is a block diagram of an antenna impedance radio signal receiving slot. At the same time, the control 

adjuster in accordance with the third embodiment of the circuit transmits the control signal SI to the first switch 7 so 

present invention. that the first matching circuit 4 is electrically connected to 

FIG. 11 is an equivalent circuit diagram of the antenna ^ the radio signal receiving circuit 9 through the first switch 7. 

impedance adjuster illustrated in FIG. 10 when the second Thus, the portable radio signal transceiver 1 is put in a 

switch electrically connects the second adjuster to the first condition for receiving a radio signal, 

adjuster. At this time, the second switch 5 is kept open. That is, the 

FIG. 12 is an equivalent circuit diagram of the antenna second matching circuit 6 is not electrically connected to the 

impedance adjuster illustrated in FIG. 10 when the second 45 first matching circuit 4. Thus, only the first matching circuit 

switch electrically disconnects the second adjuster from the 4 operates in the adjuster 3, namely, matches the radio signal 

first adjuster. receiving circuit 9 to a radio signal receiving band of the 

FIG. 13 is a block diagram of an antenna impedance ^^'P antenna 2. 

adjuster in accordance with the fourth embodiment of the When a radio signal is to be received, the radio signal 

present invention. 50 transmitting circuit 8 is not electrically connected to the 

whip antenna 2. Hence, the radio signal transmitting circuit 

DESCRIPTION OF THE PREFERRED g ^epl on or off. However, the radio signal trans- 

EMBODIMENTS mitting circuit 8 is preferably kept off for reducing current 

FIG. 2 is a block diagram of a portable radio signal consumption, 

transceiver including an antenna impedance adjuster in 55 When a radio signal is to be transmitted, the radio signal 

accordance with the present invention. transmitting circuit 8 receives the control signal S2 from the 

The illustrated portable radio signal transceiver 1 is control circuit 10 to thereby be turned on at a timing of the 

comprised of a whip antenna 2, an adjuster 3 electrically radio signal transmitting slot. At the same time, the control 

connected to the antenna 2, a radio signal transmitting circuit circuit 10 transmits the control signal SI to the first switch 

8, a radio signal receiving circuit 9, a first switch 7 electri- 60 7 so that the first matching circuit 4 is electrically connected 

cally connecting the adjuster 3 to one of the radio signal to the radio signal transmitting circuit 8 through the first 

transmitting and receiving circuits 8 and 9, and a control switch 7. At the same time, the control circuit transmits the 

circuit 10 electrically connected to the first switch 7, the control signal 84 to the second switch 5 so that the second 

radio signal transmitting circuit 8, and the radio signal matching circuit 6 is electrically connected to the first 

receiving circuit 9. 65 matching circuit 4 through the second switch 5. 

The adjuster 3 is comprised of a first matching circuit 4, The adjuster 3 matches the radio signal transmitting 

a second matching circuit 6, and a second switch 5 which circuit 8 to a radio signal transmitting band of the whip 
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antenna 2, when the second matching circuit 6 is electrically is turned on. Hence, the resistance Rl is electrically con- 
connected to the first matching circuit 4. nected to the power source P through the switching element 

When a radio signal is to be transmitted, the radio signal SWl, and thus, a cunrent flows through the diode Dl, that is, 

receiving circuit 9 is not electrically connected to the whip is turned on. Since the second and third choke 

antenna 2. Hence, the radio signal receiving circuit 9 may be 5 coils L2 and L3 are designed to have sufiSciently high 

kept on or off. However, the radio signal receiving circuit 9 impedance in radio signal transmitting and receiving bands, 

is preferably kept off for reducing current consumption. adjuster 3 is now equivalent to a circuit illustrated in 

HG. 4 is a block diagram illustrating the adjuster 3 in 5> comprised of the first coil LI. the first capacitor CI, 

accordance with the first embodiment. capacitor C2. 

As illustrated in FIG. 4, the adjuster 3 includes (a) the ]^ f^^^' ihvsM in FIG. 5 input unpedan^ of the 

second switch 5 comprised of a power source P, a switching °f ^ ^ as lUuslrated m FIGS^ 6A and 6B. It is 

element SWl receiving electric power from the power l^^derstood m view of FIGS. 6A and 6B that the mput 

source P and grounded, a diode Dl, a second choke coil 12 '7 ^ ' '^^'^ transmittmg band or 

connected to an output end of the diode Dl at one end ^° * 

thereof, and grounded at the other end thereof, a third choke When a radio signal is to be received, that is, when the 

coil L3 electricaUy connected between the diode Dl and the control termmal T is turned off, the switching element SWl 

switching element SWl, a resistance Rl electrically con- turned off. Hence, the resistance Rl is not electrically 

nected between the third choke coil L3 and the switching connected to the power source P, and thus, a current does not 

element SWl. and a third capacitor C3 electrically con- flow through the diode Dl. that is, the diode Dl is turned off. 

nected at one end thereof to a point where.the third choke ^° As a result, the diode Dl has high impedance. Since the 

coil L3 is connected to the resistance Rl, and grounded at ^nd third choke coils L2 and U are designed to have 

the other end thereof, (b) the first matching circuit comprised suflaciently high impedance in radio signal transmitting and 

of a first coil LI and a first capacitor CI, and (c) the second receiving bands, the adjuster 3 is now equivalent to a circuit 

matching circuit 6 comprised of a second capacitor C2. ^^^^^""^^^^ }^ '^^ comprised of the first coil LI and the 

The switching element SWl is constituted of transistors capacitor 

which are turned on or off in accordance with the control J° ^^^^^^ illustrated m FIG. 7, input unpedance of the 

signal S4 which is in synchronization with the control signal ^ is as lUustrated m FIGS. 8A and 8B. It is 

S2. The switching element SWl drives the diode Dl acting understood m view of HGS. 8A and 8B that the input 

as a switch impedance is matched in a radio signal receiving band or RX 

30 

The second and third choke coils L2 and L3 are designed , 

to have sufficiently high impedance in radio signal trans- , ^he values of the coils and capacitors are dependent on a 

mitting and receiving bands. ^'^'^ ^stance, in 900 MHz band, the first cod LI 

has about 10 nanoHenry, the first and second capacitors CI 

JDe mud capacitor IS desigiied to have suacienUy low ^^^^ ^ picofarad, the second and third 

impedance in radio signal transmittmg and receivmg bands. 35 ^^^^^ ^^.^ ^ ^ ^^^^ ^^^^^ nanoHenry, and the 

When the switchmg element SWl is turned on. a forward third capacitor C3 has about 10 picofarad, 

voltage is appUed to the diode Dl, and as a result, the diode RG. 9 is a block diagram illustrating the adjuster 3 in 

Dl is turned on. accordance with the second embodiment. 

The resistance Rl controls a current to flow through the ^ xhe adjuster 3 in accordance with the first embodiment, 

diode Dl. illustrated in FIG. 4, is a system to be adopted when a 

The switching element SWl is provided with a terminal firequency in a radio signal transmitting band is higher than 

T to which the control signal S4 is transmitted from the a frequency of a radio signal to be received. On the other 

control circuit 10. hand, the adjuster 3 in accordance with the second 

The first coil LI is electricaUy connected in series to the 45 embodiment, illustrated in FIG. 9. is a system to be adopted 

antenna 2 at one end thereof, and electrically connected to when a frequency in a radio signal receiving band is higher 

the second switch 5 at the other end thereof. lhan a frequency of a radio signal to be transmitted. 

The first capacitor CI is electricaUy connected to the other ^s Ulustrated in FIG. 9, the adjuster 3 includes (a) the 

end of the first coil LI at one end thereof, and grounded at second switch 5 comprised of a power source P, a switching 

the other end thereof. 50 element SWl receiving electric power from the power 

T, J ■ I . ' 11 * J * source P and grounded, a diode Dl, a third choke coil L3 

The second capacitor C2 IS eleclncally connected at one , i, .jJ. .l j- j i>i j.i. t. 

end thereof to a point at which the fir^t capacitor CI is «l«'"""y ^•"''"f >^':^f«^n 'he d.ode Dl and the switch- 

connected to the firet coil LI, and grounded at the other end Iff element SWl. a resistance Rl electrically connected 

thereof between the third choke coil L3 and the switching elenaent 

', , ... . . 55 SWl, and a third capacitor C3 electrically connected at one 

In a low frequency, that is, in a radio signal receiving ihe^of to a point where the thiixl choke coil L3 is 

band, the whip antenna 2 is matched to characteristic imped- connected to the resistance Rl. and grounded at the other 

ance of the radio signal receiving circuit 9 by means of the ,hereof, (b) the first matching circuit 4 comprised of a 

fiKt coil LI and the first capacitor CI. On the other hand, in flf^, coil LI and a first capacitor CI. and (c) the second 

a high frequency, that IS, ma radio signal transmittmg band, matching circuit 6 comprised of a second choke coil I J 
the whip antenna 2 is matched to characteristic impedance of electrically connected to an output end of the diode Dl at 

the radio Signal transmitUng circuit 8 by means of the first hereof, and grounded at the other end thereof 

coil LI. the first capaator CI and the second capacitor C2. j^^^ 3 ;„ accordance with the second 

Hereinbelow is explained an operation of the adjuster 3 in embodiment is structuraUy different from the adjuster 3 in 

accordance with the first embodiment, illustrated in FIG. 4. 55 accordance with the first embodiment in that the adjuster 3 

When a radio signal is to be transmitted, that is, when the ' in accordance with the second embodiment is not provided 

control terminal T is turned on, the switching element SWl with the second capacitor C2. Only the second coil L2 is 
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electrically connected in series to the diode Dl. Parts or Hereinbelow is explained an operation of the adjuster 3 in 

elements that correspond to those of the adjuster 3 illustrated accordance with the third embodiment, illustrated in HG. 

in FIG. 4 have been provided with the same reference 10. 

numerals. When a radio signal is to be transmitted, that is, when the 

Hereinbelow is explained an operation of the adjuster 3 in s control terminal T is turned on, the switching element SWl 

accordance with the second embodiment, illustrated in FIG. ^ j^^ned on. Hence, the resistance Rl is eleclricaUy con- 
nected to the power source P through the switching element 

The diode Dl is turned on when a radio signal is to be sWl, and thus, a current flows through the diode Dl, that is, 

transmitted, and as a resuh, the first capacitor CI and the t^^ned on. Since the fourth capacitor C4 is 

second coil 12 are electricaUy connected in parallel to the lo designed to have sufficiently low impedance in radio signal 

first coil LI. transmitting and receiving bands, the adjuster 3 is now 

The diode Dl is turned off when a radio signal is to be equivalent to a circuit illustrated in FIG, 11, comprised of the 

received, and as a result, only the capacitor CI is electrically first coil LI, the fourth coil 14, and the second coil L2. Thus, 

connected in series lo the first coil LI. matching is established in a radio signal transmitting band. 

However, it should be noted that when the diode Dl is is ^Vhen a radio signal is to be received, that is, when the 

turned on. that is. when a radio signal is to be transmitted, control terminal T is turned off, the switching element SWl 

it is necessary in the adjuster 3 illustrated in FIG. 9 that ^^^^^^ Hence, the resistance Rl is not electrically 

impedance of the circuit including the first capacitor CI and connected to the power source P, and thus, a current does not 

the second coil 12 electrically connected in paraUel to the through the diode Dl. that is, the diode Dl is turned off. 

first capacitor CI is capacilive. ^0 ^ ^ ^.^g^U^ ^^^^^ impedance. The adjuster 

FIG. 10 is a block diagram illustrating the adjuster 3 in 3 is now equivalent lo a circuit illustrated in FIG. 12, 

accordance with the third embodiment. comprised of the first coil LI and the fourth coil L4. Thus, 

As illustrated in FIG. 10, the adjuster 3 includes (a) the matching is established in a radio signal receiving band, 

second switch 5 comprised of a power source P. a switching pjQ 13 ^ bio^k diagram illustrating the adjuster 3 in 

element SWl receiving electric power from the power ^5 ^^^Q^^ance with the fourth embodiment, 

source P and grounded, a diode Dl, a thiixl choke coil L3 ^ in^,r^i^^ in FIG. 13. the adjuster 3 includes (a) the 

electrically connected between the diode Dl and the switch- j u e - j s n •* u- 

. r^^^j^ , . • 11 .J second switch 5 compnsed of a power source P, a switching 

mg element SWl, a resistance Rl electrically connected , . , , : *u 

I- T *i_ *t.- J L 1 -in J I.- 1 * element SWl receivmg electnc power from the power 

between the third choke coil L3 and the switching element n j j j j i-fi u • * . j 

o^^7^ J t_- J • ^ 1 . • ti f J . ^0 source P and grounded, a diode Dl havmg an output end 

SWl, and a third capacitor C3 electncally connected at one . • j j *J' ^ u 1 1 t 1 1 * • n 

, ' c • . «. .I. ' J L 1 1 I -» - which is grounded, a third choke coil L3 electncally con- 
end thereof to a point where the third choke coil L3 is * j u . •u j j .u •* u- 1 „ » 
, , *^ . , , J J . .1. nected between the diode Dl and the switchmg element 
connected to the resistance Rl, and grounded at the other . , m 1 * • n * j u 7 .u 

J c .X. n L* ' ' A • J r SWl. a rcsistancc Rl electncally connected between the 

end thereof, (b) the first matching circuit 4 compnsed of a .u- j i_ 1 -i t j *u •* 1- 1 . otim j 

c * 1 t\ J c L 11 A J / \ J third choke coil L3 and the switching element SWl. and a 

first coil LI and a fourth cou L4, and (c) the second ... ^ 1 . • n * j . j r 

, . . . , • J J? r jr^4 J IS third capacitor C3 electncally connected at one end thereof 

matchmg circuit 6 compnsed of a fourth capacitor C4 and a ■'^ ^ • * l *l .u* j l 1 -i t -» • * j * .i. 

second coil 12 pomX where the thu"d choke coil L3 is connected to the 

^ ^ „ . ... , resistance Rl, and grounded at the other end thereof, (b) the 

Tlie firel coil LI IS electncaUy connected m senes to the ^^^^1^^^^ ^.^^^-j 4 comprised of a first coil LI and a 

antenna 2 at one end thereof, and electncally connected to ^-^ ^ ^^^^^ matching circuit 6 

the second switch 5 at the other end thereof. comprised of a first capacitor CI and a fourth coil U. 

pie fourth coil L4 is electricaUy comiected to the other electrically connected in series to the 

end of the firs coU LI at one end thereof, and grounded at ^^^^^^^ ^ at one end thereof, and electrically connected to 

the other end thereof. . the second switch 5 at the other end thereof. 

The fourth capacitor C4 is electncally connected at one _ ^ -1 r -» • 1 - „ 
end thereof to a point at which the first coU LI is connected , second coil 12 is electrically connected in series to 
to the fourth coil W. and electrically connected to the one end thereof and electrically con- 
second switch 5 at the other end thereof ^^^^^ ^'^[ ^^P^^^^^^ ^^^^^ 

The second coil L2 is electrically connected to an output ° thereot. 

end of the diode Dl at one end thereof, and grounded at the f^^^h coil L4 is electrically connected to the second 

other end thereof ^^^^ ^ the first capacitor CI at one end thereof, and 

In the third embodiment, connection of the second match- grounded at the other end thereof, 

ing circuit 6 to the first matching circuit 4 and disconnection first capacitor CI is electrically connected at one end 

of the second matching circuit 6 from the first matching thereof to a point at which the second coil L2 is connected 

circuit 4 are can-ied out by means of the diode Dl. to the fourth coil L4, and electrically connected to the 

The third and fourth capacitore C3 and C4 are designed to 55 ^ ^"'^ 

have sufficiently low impedance in radio signal transmitting The adjuster 3 in accordance with the above-mentioned 

and receiving bands. The third choke coil L3 is designed to third embodiment, illustrated in FIG. 10, is a system to be 

have sufficiently high impedance in radio signal transmitting adopted when a frequency in a radio signal transmitting 

and receiving bands. band is higher than a frequency of a radio signal to be 

In a low firequency, that is, in a radio signal receiving 60 received. On the other hand, the adjuster 3 in accordance 

band, the whip antenna 2 is matched lo characteristic imped- with the fourth embodiment, illustrated in FIG. 13, is a 

ance of the radio signal receiving circuit 9 by means of the system to be adopted when a frequency in a radio signal 

first coil LI and the fourth coil L4. On the other hand, in a receiving band is higher than a frequency of a radio signal 

high frequency, that is, in a radio signal transmitting band, to be transmitted. 

the whip antenna 2 is matched to characteristic impedance of 65 As is obvious in comparison between FIGS. 10 and 13, 

the radio signal transmitting circuit 8 by means of the first Ihe adjuster 3 in accordance with the fourth embodiment is 

coil LI, the fourth coil L4, and the second coil L2. stmcturally different from the adjuster 3 in accordance with 
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the third embodiment in that the second coil 12 is positioned 
between the first coil LI, and the fourth coil L4 and the first 
capacitor CI, and in thai the diode Dl is directly grounded. 

Hereinbelow is explained an operation of the adjuster 3 in 
accordance with the fourth embodiment, illustrated in FIG. 5 
13. 

When a radio signal is to be transmitted, that is, when the 
control terminal T is turned on, the switching element SWl 
is turned on. Hence, the resistance Rl is electrically con- 
nected to the power source P through the switching element 30 
SWl, and thus, a current flows through the diode Dl, that is, 
the diode Dl is turned on. Thus, the adjuster 3 is now 
equivalent to a circuit comprised of the first coil LI and the 
second coil L2. Thus, matching is established in a radio 
signal transmitting band. 15 

When a radio signal is to be received, that is, when the 
control terminal T is turned off, the switching element SWl 
is turned off. Hence, the resistance Rl is not electrically 
connected to the power source P, and thus, a current does not 
flow through the diode Dl, that is, the diode Dl is turned off. 20 
As a result, the diode Dl has high impedance. The adjuster 
3 is now equivalent to a circuit comprised of the fiist coil LI, 
the second coil L2, and the fourth coil L4. Thus, matching 
is established in a radio signal receiving band. 

In the above-mentioned first to fourth embodiments, the 
diode Dl is employed for electrically connecting the second 
matching circuit 6 to the first matching circuit 4 or discon- 
necting the second matching circuit 6 from the first matching 
circuit 4. Hence, the first to fourth embodiments have to 
include a circuit for turning the diode Dl on or off. As 
illustrated in FIG. 13, such a circuit is comprised of the 
switching element SWl, the third coil L3, the resistance Rl, 
and the capacitor C3. However, such a circuit for driving the 
diode Dl can be omitted, if there is used an element which 
can be controlled directly by the control circuit 10, such as 
a GaAs semiconductor element switch. 

While the present invention has been described in con- 
nection with certain preferred embodiments, it is to be 
understood that the subject matter encompassed by way of ^ 
the present invention is not to be limited to those specific 
embodiments. On the contrary, it is intended for the subject 
matter of the invention to include aU alternatives, modifi- 
cations and equivalents as can be included within the spirit 
and scope of the foUowing claims. The entire disclosure of 
Japanese Patent Application No. 10-244129 filed on Aug. 
28, 1998 including specification, claims, drawings and sum- 
mary is incorporated herein by reference in its entirely. 

What is claimed is: 

1. An antenna impedance adjuster comprising: 

(a) an antenna through which radio signals arc received 
and transmitted; 

(b) a radio signal receiver which receives radio signals 
having been received through said antenna; 

(c) a radio signal transmitter which transmits radio signals 55 
through said antenna; 

(d) an adjuster which matches an impedance between said 
antenna and said radio signal receiver in radio signal 
receiving band and an impedance between said antenna 
and said radio signal transmitter in radio signal trans- 50 
milting band, wherein said adjuster is designed to have 

a variable circuit structure; 

(e) a first switch which electrically connects said adjuster 
to one of said radio signal receiver and said radio signal 
transmitter; and 65 

(f) a controller which controls an operation of said first 
switch when a radio signal is received or transmitted, 
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whereby a circuit strucmre of said adjuster is varied when 
a radio signal is received or transmitted; and wherein 
said adjuster includes: 

(dl) a first adjuster which matches an impedance 
between said antenna and said radio signal receiver 
in radio signal receiving band; 

(d2) a second adjuster which matches an impedance 
between said antenna and said radio signal transmit- 
ter in radio signal transmitting band, when electri- 
cally connected to said first adjuster; and 

(d3) a second switch which disconnects said second 
adjuster from said first adjuster when a radio signal 
is to be received, and electrically connects said 
second adjuster to said first adjuster when a radio 
signal is to be transmitted. 

2. The anterma impedance adjuster as set forth in claim 1, 
wherein said controUer transmits a control signal to said 
second switch, and said second switch makes its operation 
in accordance with said control signal. 

3. The antenna impedance adjuster as set forth in claim 1, 
wherein said first adjuster is comprised of: 

(dll) an mductance electrically connected in series to said 
antenna through one end thereof, and electrically con- 
nected to said second switch through the other end 
thereof; and 

(dl2) a first capacitor electrically connected to said other 
end of said inductance at one end thereof, and grounded 
at the other end thereof, 

said second adjuster is comprised of a second capacitor 
electricaUy connected at one end thereof to a point at 
which said first capacitor is connected to said 
inductance, and grounded at the other end thereof, and 

said second switch is comprised of a switching device 
which tums said second capacitor off when a radio 
signal is to be received, and tums said second capacitor 
on when a radio signal is to be transmitted. 

4. The antenna impedance adjuster as set forth in claim 3, 
wherein said controller transmits a control signal to said 
second switch, and said second switch makes its operation 
in accordance with said control signal. 

5. The antenna impedance adjuster as set forth in claim 3, 
further comprising an on-off controller for controlling said 
switching device to turn on or off in accordance with a 
control signal transmitted from said controller. 

6. The antenna impedance adjuster as set forth in claim 1, 
wherein said first adjuster is comprised of: 

(dll) a first inductance electrically connected in series to 
said antenna through one end thereof, and electrically 
connected to said second switch through the other end 
thereof; and 

(dl2) a first capacitor electricaUy connected to said other 
end of said inductance at one end thereof, and grounded 
at the other end thereof, 

said second adjuster is comprised of a second inductance 
electrically connected at one end thereof to a point at 
which said first capacitor is connected to 

said first inductance, and grounded at the other end 
thereof, and said second switch is comprised of a 
switching device which turns said second inductance 
off when a radio signal is to be received, and tums said 
second inductance on when a radio signal is to be 
transmitted. 

7. The antenna impedance adjuster as set forth in claim 6, 
wherein said controller transmits a control signal to said 
second switch, and said second switch makes its operation 
in accordance with said control signal. 
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8. The antenna impedance adjuster as set forth in claim 6, 
further comprising an on-off controller for controlling said 
switching device to turn on or off in accordance with a 
control signal transmitted from said controller. 

9. The antenna impedance adjuster as set forth in claim 6, 
wherein said first adjuster is comprised of: 

(dll) a first inductance elecuically connected in series to 
said antenna through one end thereof, and electrically 
connected to said second switch through the other end 
thereof; and 

(dl2) a second inductance electrically connected to said 
other end of said first inductance at one end thereof, and 
grounded at the other end thereof, 

said second adjuster is comprised of a third inductance 
electrically connected at one end thereof to a point at 
which said first inductance is connected to said second 
inductance, and grounded at the other end thereof, and 

said second switch is comprised of a switching device 
which turns said third inductance off when a radio 
signal is to be received, and turns said third inductance 
on when a radio signal is to be transmitted, 

10. The antenna impedance adjuster as set forth in claim 
9, wherein said controller transmits a control signal to said 
second switch, and said second switch makes its operation 
in accordance with said control signal. 

11 . The antenna impedance adjuster as set forth in claim 
9, further comprising an on-off controller for controlling said 
switching device to turn on or off in accordance with a 
control signal transmitted from said controller. 
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12. The antenna impedance adjuster as set forth in claim 
1, wherein said first adjuster is comprised of: 

(dll) a first inductance electrically connected in series to 
said antenna through one end thereof, and electrically 
connected to said second switch through the other end 
thereof; 

(dl2) a second inductance electrically connected to said 
other end of said first inductance at one end thereof, and 
electrically connected to a later mentioned third induc- 
tance at the other end thereof; and 

(dl3) a third inductance electrically connected to said 
second inductance at one end thereof, and grounded at 
the other end thereof, said second switch is comprised 
of a switching device which short-circuits said third 
inductance to a ground when a radio signal is to be 
transmitted. 

13. The antenna impedance adjuster as set forth in claim 
12, wherein said controller transmits a control signal to said 
second switch, and said second switch makes its operation 
in accordance with said control signal. 

14. The antenna impedance adjuster as set forth in claim 
12, further comprising an on-off controller for controlling 
said switching device to turn on or off in accordance with a 
control signal transmitted from said controller. 

15. The antenna impedance adjuster as set forth in claim 
1, wherein said second switch is a GaAs semiconductor 
element switch. 
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